WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
A61M 29/00 



Al 



(11) International Publication Number: WO 99/06097 

(43) International Publication Date: 1 1 February 1999 (1 1.02.99) 



(21) International Application Number: PCT/US98/ 1 5925 

(22) International Filing Date: 29 July 1998 (29.07.98) 



30 July 1997 (30.07.97) US 
15 June 1998 (15.06.98) US 



(30) Priority Data: 

08/903.502 
09/097.861 

/ 

(71) Applicant: HEARTPORT, INC. (US/US); 200 Chesapeake 

Drive. Redwood City. CA 94063 (US). 

(72) Inventors: HUNDERTMARK. Ronald. R.; 823 9th Avenue, 

San Mateo. CA 94402 (US). ADAMS. Craig. L; 721 San 
Juan Place. San Ramon. CA 94583 (US). 

(74) Agents: GRAINGER. Jeffry. J. et aL; Heartport, Inc.. 200 
Chesapeake Drive, Redwood City, CA 94063 (US). 



(81) Designated States: AU. CA. JP, European patent (AT, BE, 
CH, CY, DE, DK, ES, FI, FR, GB. GR, IE. IT, LU, MC. 
NL, PT, SE). 



Published 

With international search report. 



(54) Title: ENDOVASCULAR CORONARY SINUS CATHETER AND METHOD OF USE 



L 



ITa68 ^66 ~^20 



x:::;:x:;:::i^ 



22 




(57) Abstract 

The coronary sinus catheter (2) has a balloon (8) for occluding the coronary sinus, and a lumen (24) for delivering fluid distal to 
the occluding member. The catheter has a proximal portion (20) which is relatively stiff to provide column strength to facilitate insertion, 
advancement, and steering of the catheter. The catheter also has a distal portion which is more flexible than the proximal portion to provide 
an atraumatic, kink-resistant distal end. The flexible distal portion also helps prevent damage to the coronary sinus, and facilitates guiding 
the catheter into the coronary sinus. 
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ENDO VASCULAR CORONARY SINUS CATHETER 
AND METHOD OF USE 

CROSS-REFERENCE TO RELATED APPLICATION 

5 

This application is a continuation-in-part of 08/903.502. filed July 30. 1997 
which is hereby incorporated by reference. 

I 

BACKGROUND OF THE INVENTION 

10 

The present invention relates to an endovascular coronary sinus catheter. A 
specific application or the endovascular coronary sinus catheter is for delivery of 
cardioplegic fluid to arrest a patient s heart and/or maintain the heart in an arrested 
state. 

15 

A system for arresting a patient's heart and maintaining circulation of 
oxygenated blood in the patient is disclosed in U.S. Patent No. 5,584,803 which is 
hereby incorporated by reference. The coronary sinus catheter delivers cardioplegic 
fluid in a retrograde direction through the coronary sinus to arrest the patient's heart 

20 and/or maintain the patient's heart in an arrested state. The catheter passes through a 
peripheral vein, such as the internal jugular vein, so that direct access to the patient's 
heart is not required. An advantage oi passing the catheter through a peripheral vein 
is that less invasive surgical procedures can be performed. Less invasive cardiac 
procedures arc described in U.S. Patent No. 5.452.733 and U.S. Patent Application 

25 Serial No. 08/465J83. filed June 5. 1995 by Sterman et aL which are hereby 
incorporated by reference. 

Another coronary sinus catheter is disclosed in U.S. Patent No. 5.558,644 
which is also hereby incorporated by reference. The coronary sinus catheter of U.S. 
30 Patent No. 5,558,644 is sized to permit endovascular placement of the catheter 

through a peripheral vein while providing a cardioplege lumen of sufficient size to 

- I - 
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Fig. 2 shows the coronary sinus catheter of Fig. 1 : 

Fig. 3 is a cross-sectional view of a proximal portion of the coronary sinus 
catheter of Fig. 2 taken along line A-A: 

Fig. 4 shows a distal end of the coronary sinus catheter: 
5 Fig. 5 is a cross-sectional view of a distal portion of the coronary sinus 

catheter: 

Fig. 6 is a longitudinal cross-sectional view of Fig. 5 taken along line B-B: 
Fig. 7 is across-sectional view which illustrates an intermediate step in 
forming the distal portion of the coronary sinus catheter: 
10 Fig. 8 is a longitudinal cross-sectional view of Fig. 7 taken along line C-C: and 

Fig. 9 shows a method of joining together the proximal and distal portions. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

15 Referring to Figs. 1 and 2. a coronary sinus catheter 2 in accordance with the 

present invention is shown. The coronary sinus catheter 2 is configured to be 
advanced through a peripheral vein, such as the internal jugular or left subclavian 
veins, and into the patient's coronary sinus. 

20 In a specific application of the catheter 2 of the present invention, the catheter 

2 is used to arrest and/or maintain a patient's heart in an arrested state by delivering 
cardioplegic fluid in a retrograde manner through the coronary sinus. A bypass 
system 12 maintains circulation of oxygenated blood in the patient when the patient's 
heart is arrested. The catheter 2 is coupled to a source of cardioplegic fluid 4 and a 

25 cardioplege pump 5 for delivering cardioplegic fluid to the patient's coronary sinus. 
The cardioplegic fluid is preferably mixed with oxygenated blood from the bypass 
system 12 to form blood cardioplege. An advantage of using blood cardioplegia is 
that oxygenated blood is also delivered to the patient's coronary vasculature. The 
catheter 2 is also coupled to a pressure sensor 6 for measuring pressure in the coronary 

30 sinus. 

-3- 
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atraumatic, kink-resistant distal end. The proximal portion 20 preferably has a 
modulus of elasticity of at least 35.000 psi. more preferably at least 40.000 psi and 
most preferably at least 43.000 psi. The distal portion 22 preferably has a modulus of 
elasticity of no more than 28.000 psi more preferably no more than 22.000 psi and 

5 most preferably no more than 16.000 psi. Alternatively, the proximal portion has a 
stiffness which is preferably at least 1 .5. more preferably at least 2. 1, and most 
preferably at least 2.7 times the stiffness of the distal portion. The modulus of 
elasticity of the proximal and distal portions 20. 22 is preferably determined 
empirically and a preferred method of testing is with an Olsen Stiffness Tester 

10 available from Tinius Olsen Testing Machine Co.. Inc. of Willow Grove. 
Pennsylvania. 

Referring to Figs. 1 and 4. the catheter 2 also has an occluding member 8. 
preferably a balloon, which is used to occlude the coronary sinus so that the fluid 

15 delivered by the catheter 2 doesn't simply drain back into the right atnum. The 

occluding member 8 is made of polyurethane having a thickness of 0.0005 to 0.0007 
inch. The occluding member 8 is inflated with a fluid from a source of inflation fluid 
10. The source of inflation fluid 10, which is preferably a syringe, is preferably filled 
with contrast solution for fluoroscopic visualization. Alternatively, saline solution 

20 may be used if fluoroscopic visualization is unnecessary. Although it is preferred to 
use a balloon as the occluding member 8. a mechanically-actuated occluding member 
8 may also be used. 

Referring to Figs. 2. 3 and 4. the catheter 2 has a lumen 24. a pressure lumen 
25 26 and an inflation lumen 28 which are coupled to the source of cardioplegic fluid 4, 
pressure sensor 6 and source of inflation fluid 10. respectively. The pressure lumen 
26 has an outlet 30 distal to the occluding member 8 for sensing pressure distal to the 
occluding member 8. The inflation lumen 28 has an outlet 32 for inflating the 
occluding member 8. The lumen 24 has an outlet 34 and side holes 36. preferably at 
30 least 0.025 inch in diameter, at the distal end to infuse fluid distal to the occluding 
member 8. Although it is preferred to provide the inflation lumen 28. the lumen 24 

-5- 
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pull wire 47 for moving the distal end of the stylet 46 to the curved shape of line 49. 
Alternatively, the stylet 46 may be substantially straight in the unbiased condition with 
the pull wire 47 being used to move the distal portion 22 of the catheter 2 into the 
solid-line position of Fig. 2. Although it is preferred to use the stylet 46 to shape the 
5 catheter 2, the catheter 2 itself may be shaped so that the distal end is directed toward 
the coronary sinus when the catheter 2 extends through the peripheral vein. 

Referring to Figs. 5 and 6. cross-sectional views of the distal portion 22 are 
shown. The distal portion 22 is preferably reinforced with an elongate member 48, 

10 preferably a wire, to provide hoop strength and kink-resistance. As described above, 
the distal portion 22 is more flexible than the proximal portion 20 to provide an 
atraumatic, kink-resistant distal end. The elongate member 48 preferably passes 
around onlv the lumen 24. however, the eioneate member 24 may also extend around 
the other lumens 26. 2S. An advantage or winding the elongate member 48 around 

15 only the lumen 24 is that the outlets 32. 30 for the inflation and pressure lumens 23. 
26 do not need to be cut through the elongate member 24. The distal portion 22 has a 
length of 2-5 cm, more preferably 2-4 cm and most preferably about 3-3.5 cm. 
Alternatively, the distal portion 22 is preferably at least 5 cm, more preferably at least 
10 cm. and most preferably at least 15 cm. 

20 

The method of forming the distal portion 22 is now described with reference to 
Figs. 7 and 8. Figs. 7 and 8 correspond to the cross-sectional view of Figs. 5 and 6 in 
that Figs. 7 and 8 show the distal portion 22 before heating and Figs. 5 and 6 show the 
distal portion 22 after heating to form an integrated structure. The elongate member 

25 48 is first coated with a coating 50. preferably by extrusion, and wrapped around a D- 
shaped mandrel 52 in a helical manner. The coating 50 may be any suitable polymer 
and is preferably polyether block amide having a durometer of 35D The elongate 
member 48 is preferably stainless steel ribbon having a thickness of 0.003 inch and a 
width of 0.012 inch After coating the elongate member 48 with the coating 50. the 

30 resulting coated elongate member 48 preferably has a width of 0.017 inch and a 
thickness of 0.009 inch Although it is preferred to use a rectangular cross-sectional 
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are preferably made of polyimide having a thickness of 0.20 inch and each sheath 58 
is preferably made of polyether block amide having a thickness of 0.002 inch. A hear 
shrink tube (not shown) is positioned over the sheaths 53 and blockers wot shown) are 
inserted into the lumens to 24. 26. 28 prevent the lumens from collapsing during 
5 heating. The entire structure is then heated to fuse the proximal and distal portions 20, 
22 together. After heating, the proximal and distal portions 20. 22. tubes 56, and 
sheaths 58 form an integrated structure. Although it is preferred to use the tubes 56 
and sheaths 58, the proximal and distal portions 20. 22 may be joined together in any 
other manner. 

10 

Referring again to Fig. 2, a first contamination guard 60 protects the stylet 46 
against contamination before insertion into the patient. The proximal end of the stylet 
-16 and the first contamination guard 60 are mounted to a holder 62 which is 
manipulated to move the stylet 46. The distal end of the first contamination guard 60 

15 engages a valve 64. The valve 64 has a seal (not shown) which prevents fluid from 
passing between the valve 64 and stylet 46. The distal end of the first contamination 
guard 60 has a valve 65 that locks onto the stylet 46 to ensure that the stylet 46 rotates 
with the catheter 2 when the catheter 2 is manipulated. Before delivering cardioplegic 
fluid, the stylet 46 is withdrawn until the distal end is within the second arm 40 and. 

20 therefore, does not impede delivery of cardioplegic fluid. The first contamination 
guard 60 is sized long enough so that the distal end of the stylet 46 can be withdrawn 
into the second arm 40. A second contamination guard 66 protects the catheter 2 
against contamination before introduction into the patient. The second contamination 
guard 66 has a connector 68 which engages a conventional introducer sheath (not 

25 shown) which is used to introduce the catheter 2 into the patient. The first and second 
contamination guards 60, 66 are made of polyethylene having a thickness of about 
0.002 inch. The catheter 2 shaft also has markers 68, preferably at 5 cm intervals 
beginning 10 cm from the distal tip, for use during placement of the catheter 2. 

30 A method of using the coronary sinus catheter 2 is now described. The 

following describes a percutaneous method of inserting the catheter 2. however, any 

-9- 
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scope of the invention. Therefore, the above description should not be taken as 
limiting the scope of the invention which is defined by the claims. For example, 
although the catheter 2 is described in connection with stopping a patient's heart and 
maintaining the heart in an arrested state, the catheter 2 may be used for endovascular 
5 access of the patient's coronary sinus for any other reason. 
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6. The catheter of claim I, wherein: the distal portion includes a 
remforcmg wire and the proximal portion is an extrusion. 

w«hm the lumen, the stylet having a shaped end which is configured to fac Je 
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I positioning a distal end of the coronary sinus catheter into the patient's coronary sinus 

: when the proximal portion extends through a peripheral vein. 

1 8. The catheter of claim 1 . wherein: the lumen has a bellows connector 

2 and a Y-connector which splits the lumen into first and second arms. 

1 9. The catheter of claim 8. further comprising: a stylet slidably received in 

2 the second arm. ( 

1 10. The catheter of claim 9. funher comprising: a contamination guard 

2 configured to surround the stylet, the contamination guard and stylet being mounted to 

3 a holder for manipulating the stylet, the contamination guard having a length 

4 Nufficient to withdraw a distal end of the stylet into the second arm. 

1 1 1 . The catheter of claim I . further comprising: a contamination guard 

2 extendable over the proximal portion and the distal portion, the contamination guard 

3 having a connector configured to engage an introducer sheath. 

1 1 2. A method of accessing a patient's coronary sinus, comprising the steps 

2 of: 

providing a coronary sinus catheter having a proximal portion, a distal portion, 

4 and a distal end. the proximal portion having a modulus of elasticity of at least 30.000 

5 psi and a length of at least 30 cm the distal portion having a modulus of elasticity of 

6 no more than 20,000 psi and a length of 2-5 cm: 

7 creating an opening in a peripheral vein of a patient; 

8 inserting the coronary sinus catheter through the opening in the peripheral vein 

9 of the patient: 

10 advancing the coronary sinus catheter through the peripheral vein and into the 

1 1 right atrium: 

12 positioning the distal end into the patient's coronary sinus. 
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13. The method of claim 12. wherein: 

*. priding s «p 1S cmiti ml wid , „ e corona[y s]nus cM ]Mr 
lumen having an outlet. 

14. The method of claim 13. further comprising the step of: 
coupling the lumen to a source of cardioplegic fluid: and 
infusing cardioplegic fluid into the patient's coronary sinus. 

15. The method of claim 14. further comprising the step of: 
occluding the patient's ascending aorta. 

16. A method of joining a first tubular body to a second tubular bodv 
comprising the steps of: 

providing a first tubular body and a second tubular body, the first and second 
tubular bodies each having a first lumen and a second lumen: 

positioning an end of the first tubular body adjacent an end of the second 
tubular body; 

positioning a tube in the first lumen of the first and second tubular members 
the tube extending through the first and second tubular bodies: and 

heating the first and second tubular bodies thereby bonding the first and 
second tubular bodies together. 



17. The method of claim 16. further comprising the step of: 
positioning a sheath around an outer surface of the first and second tubular 

members, the sheath extending around the ends of the first and second tubular bodies- 
the heaung step being earned out so that the sheath and first and second 

tubular bodies melt and fuse together. 
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